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[01] This application claims the benefit of and incorporates by reference co-pending 
provisional application Serial No. 60/41 1,790 filed September 19, 2002. 

[02] This invention was made with government funds firom ATP grant no. 70NANB0H3008 
firom NIST, Department of Commerce. The U.S. government retains certain rights in the 
invention. 

FIELD OF THE INVENTION 

[03] The invention relates to the growth and differentiation of foreign cells within a 
manimialian host In particular, the invention relates to chimeric mammals that can be 
used to develop new drugs and vaccines, as well as to produce factors, drags, and tissues 
for transplantation. 

BACKGROXJND OF THE INVENTION 

[04] Efforts to produce cells in vitro have met wifli limited success. While embryonic stem 
cells can be expanded indefinitdy, it is difficult to expand differentiated cells. Moreover, 
it is currently not cost-efiFective to produce diflfoaitiated cells firom stem cells in vitro. 

[05] The growth of foreign cells within an animal would provide substantial value in 
biotechnology. The producti(ni, «pansion and isolation of cells using a non-human 
mammalian host would provide cells for infusion and transplantation, the production of 
drags and factors for therapy, cells for tissue engineering and assays. The production of 
animals that are diimeric, and contain foreign cells would be useful for transplantation, 
models of disease, and for the functional assessment of a transgene. 

[06] Two factors make it challengmg to grow foreign cells in animals, however. First, the 
foreign cells normally would be rejected by the host animal. Second, the foreign cells 
would need to compete with the native cells of the animal. 
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[07] Cells have been grown in congenitally immune deficient animals. For example, human 
lymphocytes have been grown within SCID (severe combined inmiune deficiency) mice 
(1). These mice normally have a deficiency of B and T cells. However, the human 
lymphocytes are not appropriately fimctional and do not provide a normal inMnune 
response (2, 3). 

[08] Transgaoic mice have been used to enhance engraftment with foreign cells. Rhim and 
Brinster produced transgenic mice with a defective urokinase plasminogen activator gene 
controlled by an albumin promoter. The native hepatocytes in these mice were defective 
and did not survive long. The defective hepatocytes were evaitually replaced when 
foreign hepatocytes, including rat hepatocytes ware injected (4). This model is not 
practical, however. Mice cannot be used as a source of donor organs. In addition, the 
pxxps had hypofibrinogenraiia and usually died of neonatal hemorrhage (5). 

[09] SCE) mice that are homo2ygous for urokinase plasminogen activator (uPA) have been 
engrafted with human hepatocytes (6). Due to the death of the mouse hepatocytes, flie 
homozygous mice are difficult to keep alive. Heterozygous mice must be bred, and the 
homozygous offspring transplanted ri^t after birfh. The mice often die of liver failure 
before the human hepatocytes provide support. Because they lack a ftiuctional immune 
S5^em, however this model has limited value for Ae developmratt of . vaccines. 

[10] Braun et al. used adult transgenic mice containing the suicide gene thymidine kinase to 
enhance engraftmoit with foreign cells (?)• The thymidine kinase was under control of 
an albumin promoter and was expressed in the hepatocytes. The hepatocytes were normal 
until the prodrug gancyclovir was administ^ed to adult mice. Most of the hepatocytes 
then died off, leading to regeneration with new hepatocytes. This system was an 
hnprovement over ttie uPA mouse model, because it permits controlled killing and 
turnover of the hepatocytes. But while engraftment was enhanced, overall survival was 
not genmlly improved. Following hepatic necrosis, most mice did not survive long 
enough to allow the differentiation and organization of the new hepatocytes. The small 
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size of the mouse also limits the application of this system, because chimeric livers could 
not be produced for human transplantation. 

Ill] Foreign cells have been infused into fetal animals, leading to limited engraftment. For 
example, lunited engraftment of hematopoietic cells has been demonstrated in febd sheep 
and monkeys (8) and by infusion into fetal mice, sheep, and pigs (9, 10, 11). Infusion of 
human hepatocytes or stem cells into fetal pigs has resulted in only limited engraftment 
(12). The intrauterine environment is favorable to engrafhnent with foreign cells, and the 
host naturally develops immune tolerance to the cells (13). The uterine enviromnotit is 
also naturally sterile. However, engraftment of foreign cells is very limited due to 
competition wi& die native host cells. 

[12] While transgenic mice can be readily produced to study diseases related to a specific 
gene, it is not practical to produce large animals. For example, pigs are several tihousand 
tunps largw than mice and their genaational time is about 10 times as long. To date, 
there has only been one herd of transgenic pigs produced for the study of human disease, 
retinitis pigmaitosa (Fetters et al. Nature Biotechnology 15, 965, 1997). 

[131 Thus, there is a need in flje art for methods of engrafting foreign cells in fetal host 
animals. 

DESCRiraON OF RELATED PATENTS 

[14] U.S. Patent Number 5,672^46 to Srour et al. teadies flie infusion of hanatopoietic stem 
cells into firtal non-human mammals leading to limited engraftmeat of hematopoietic 
cells. It does not provide a method for the elimination of native cells in the fetus. 

(15] U.S. Patent Number 5,411,749 to et al. teadies the implantation of human 
lymphoid tissue into a mouse that is genetically immunodefident for T and B 
lymphocytes. It does not provide for conditional elimination of native cells. The 
engrafted lymphocytes have limited function. For example, they are unable to provide a 
primary immune response to an antig^ 
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116) U.S Paten. N„„fl« 5.698.767 to Wilson and Hosier teaches fte i.p,a„uHon of h^an 
Ieukoej.es into a SCID mouse, genetically immune deficient of T and B lymphocj^ 
The engrafted lymphocytes have limited fimclion. 

(in US. Patent Numha 6.211.429. t^mplete oocyte acdvauon using an oocyte-modifying 
agent «Ki a ,ed«=ing agcnV to 2. Machaty and R.S. Prather, teaches the devolopmen, of 
transgenic animal^ including pigs. cows, sheep, mice. dogs. mice, and horses using 
nuclear transfer of oeUs transfected wifl, a g»e for growth honnone. plac«,al lacfc>g», 
etc It does not specifically lead, the producti« of large tnfflsgenic animals wift suidde 
gene or the induction of sdective fetal tissue injury. 

U.S. Pat« Numher 6.147.276. "Qui««ent cdl populations for nuclear lransf« in tte 
produchon of noniuma, mammals and noo-toman n«l«m embryos" to KHS 
Campbdl «rf L Wihnrt teaches the producHon of transg«nc animals uling n»=lear 
tmosfa. It does specifically teach the j^ction of transgenic animals containing 
suicide gaies m- sdective and conditional injury to fetal tissues. 

U.S. Patent Number 6.291.740. "Transgenic Animals," to R.D. Bremel. A.W.S Chan, 
a^ J.C. Bums, te«ies tbe production of transgenic animals using p«ivitelli„e space 
of the tr-isgene. It does not tea* the use of a suicide gene for selocfive and 
conditional injury of fetal tissue. 

SUMMARY OF THE INVENTION 

One«ibodim«rt.f theinven.ioop,<,videsm..h<^ for educed growth of fo^ign c* 
withmnoniumanmammals. m«hods anploy conditional and contnilled eduction 
of select ceUs wilto a tissue of a fetal non-human manunal, followed by regeneration of 
the tia^ with the foreign eell^ aestactioa of die fetal cells does «,t afiec tt» 
cotrespondrngceUsinthematemalhostorthefordgniegen-a^ Tledestmction 
offetalcellsisspecificforthe cells .hatarebeing,.plaoeddudngtissueregen««io.u 
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PlI Anote embodiment of fce invenfion pro«des viable fetal non-humaz, mammals with 
seleettve inj^ to target tissues, as well as maternal hosts comprising such fetuses Tie 
fetuses are in a condition suitable for infusion with foreign cells, which can «g«>erate 
the mjared target tissues, to some embodiments, fetal non-human manmials ttat contah. 
a sutcde tasgene product produced in a target tissue have been to the 

appropnate prodrug. I« other embodiments, fetal non-human m«nmals contain suicide 
transgene ptoducts in aU tissues and have been exposed to liposome, or 
munnnoIipo«m.es specific fi>r the target tissue. wMch also can deliver the appropriate 
prodrag. 

122) I«anotherembodiment.ftemventicmmcludesc(m^^ 

population of ceBs from a chimeric animal for the for^gn cells^ ^ 
kills native cells expressmg a suicide transgene. 

[23] n^e invention also provides fetal non-human mammals having a select ceUular injury 
mducediviflrin the uterus of a normal maternal host. The ceUular injury in the fetus is 
conditional and can be induced at the discretion of the user. 

[241 The invention provides metiiods for growth of cells within fetal non-human mammals 
tiiat have vahie for organ and ceUular tiansplantation, production of factor, by fl,e foreign 
cells, and models of disease and physiology for development of new tiierapeutic agents. 

[251 ^^inventionalsoprovidesmammalslhatexpressasuiddetiansgeneproduct^^^ 

control of either a tissue-spedfic or a universal promoter, as well as me&ods for 
sq>amting expanded foreign ceUs fiom native cells in a suspension. 

m another embodimart of tiie invention, replacement cells ar. placed within a host 
anmial during fetal development Tl.e cells engraft and establish tolerance of the host 
anmial to flie replac«nent cells. The native host cells are subsequenfly dqdeted in a 
conditional and selective mamier. Ilris can be accomplished using transgenic animals 
expressmg a suicide gene fliat would be injected vnih replacem«,t ceUs in utero. Prodrug 
IS be admmistered in a mamier to conditionally and selectively destroy flie native host 
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cells. The prodrug can be administered on multiple occasions and administered after birth 
of the animals. 

(271 In yet another anbodiment of the invention, select host cells are replaced with abnomial 
cells to produce models of human disease. The replacement cells can be from the same 
species as the host animal. In this case, the replacement cells can be transfected with the 
abnormal gene or they can have the test gene deleted Clcnocked ouf The replacement 
cells can be from the same or from a dijfferent species, such as from a human with a 
congenital enzyme abnormality, 

BRIEF DESCRIPTION OF THE DRAWINGS 
[28] FIG. 1 . Weston blot analysis of TK expression under the control of different promoters. 
[29] FIG. 2. Genetic constructs for suicide transgenes. 

DETAILED DESCRIPTION 

Overnew 

[30] To achieve significant replacement of native cells in a host animal with foreign cells, it is 
preferable to selectively eliminate native cells of the host animal in a controlled fashion 
without harming the foreign engrafting cells. In addition, fliere should be physiologic 
sxipport for the host animal during the poiod betweai elimination of native cells and 
engrafiment wifli tiie fordgn replacraiOTt cells. This invention achieves these goals by 
providing methods for selective and/or conditional destruction of cells in tissues of a fetal 
host without substantial destruction of cells in the maternal host mammal or injury of the 
foreign replacement cells (z.e,, less flian about 50, 45, 40, 35, 30, 25, 20, 15, 10, or 5% 
loss of maternal or foreign replacement cells). The maternal host mamrnal provides 
physiolo^c siq>port while the foreign replacement cells mgraft and r^enerate the fetal 
tissue. The resulting chimmc or hybrid tissue is useful, for example, as a source of cells 
and tissue for transplantation, as well as for the production of factors and drugs for 
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therapeutic purposes. The chimeric fetal host is useful, eg., for the development of drugs 
and vaccines. 

[31] The invention also provides himian cells for toxicology testing and research purposes. 
For example, human hepatocytes are in very short supply. Most available viable human 
cadavers are used liver transplants, and it is not possible to grow non-transformed human 
hepatocytes in culture. By growing and isolating human hepatocytes from hybrid pigs as 
disclosed herein, the invention can provide hepatocytes for research and for toxicology 
studies. 

[321 Methods of the invention provide multiple advantages for expanding and difGerentiating 
foreign replacement cells, including human cells, within a fetus of a non-human host 
mammal. A "fdus** is the unborn offepring of a viviparous animal. A fetus is 
distinguished from an embryo by the presence of the beginnings of all major structures 
(14). The fetal environment allows for growth of foreign replacement cells without 
immune rejection. TTie fetal aivironment also is ideal for the growth of new cells, 
providing growth factors needed for expansion of tissues and nutritional and 
physiological support for the temporary defidenqr caused by the depletion of the target 
cells. The absence of the cellular deficiency in the maternal host is advantageous, 
allowing the fetuses to develop to team. 

[33] One or more tissues in the fetal host is injured and partially or completely eliminated, 
making the tissue receptive to regeneration with foreign replacement cells. Cells of most 
tissues can be regenerated usmg mdhods of the presrait invention. A 'tissue'* comprises 
a group of similarly specialized cells tiiat perform a common ftmction (eg., liver, 
hematopoietic, radothelial, neural, q)ithelial, retinal, pigment epithelial, myocardial, 
skeletal muscle, smooth muscle, lung, intestine, kidney, endocrine, cartilage, or bone 
cells). A tissue can be dther solid (e.g., liver) or disposed (eg, blood). Tissues that can 
be regenerated according to me&ods of the invaition include, but are not limited to, liver, 
bone marrow, neural tissue, smooth muscle, skeletal muscle, cardiac muscle, skin, retinal 
pigment epiflielium, pancreatic islets, endothelium, thymus, including thymic epithelixmi. 
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lymphooj^e^ u™g«,iW epiftelium. ^ fesues. stem cella and prog^to cells 
puImo,«:y <piM™. b^KMal epiMto. breast .issue, cartilag., bone, Uesttoe. and 
intestinal epiflielium. 

(341 Replacing nadve tissue ceBs mth forei^ ^ ^ ^ 

mmy P»nx>ses. The new hepatocytes can produce thcrapeudc proteins. A clnmmc liver 
compr«ing toman Irepatocytes is use&l as a source of ceils for transplantation. Tl» 
drimeric liver itself is valuable for transplantation and also provide, . model s>«em for 
development of therapies for disease, sod, as hpaStis. Hnman hq«toC«, can be 
.M-lated ftom multiple pigs and inftsed into patients *i4 cbonio Hver £«h« or 
congenital live- abnonnalities. 

(351 Achimericanimalwhosebonemam™,cdIs«„^l,e«l«ithfo«ignbonem„,owceUs 
(e.g.. hum«, h«natopoietic cells) can ptovide a cost effictive bioteactor for pr«iucmg 
h™™ celb fbr transfosio,, such as red blood cells, gnuMocytes, lymphocytes, dendritic 
celb,m««,*.ges.n.^dn,,3^ph^^^ Tl» dmneric animal also can be used 
as a model ^em for modulating the human immune response to antigens arf for the 
development of new vaccines. 

P»^8nne»:a cells c«, be produced mhos, mammals for transplantation into 
with neurodisenerative diseases or spinal cord mjuries. 

I37J Rephc^men. of fW host sldn epthdium with foreign epithelium, including human 
epttheh^n. is . cost^e methcd of producing skin for treatment of wounds, ulcers 
»nd bums, for toxicology studies, and for the development of drugs and vaccines fo^ 
pathogens that selectively infect human skn, such as the papilloma virus. Epithelial ceUs 

areaIsonnp„r.antindevdopmentoftola»ceinthe,h,mus.lledeveIopm«.toftaman 
-ogemtal epifteUum c«, be used in the reconstructi™. and f^lantation of urinaty 
bladders, urefliras, and ureters. 

Retinal pigment epithelium, such as human retinal pigment epitheUum, produced in the 
fetal host mammal can beused to treat macular degeneration. 
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mi TTe ^lacem™, of pancreaflo inlets witt, f.r^^ i.,^ deluding h^nan i.,eU is 
valuable for transplantation into patients wiO, diabetes. 

140) Endothelialcellsatpressmanyofthettansplamantige^responsibleforreiecti^^ Ji^ 
replaoemew of fetal host n.a»mal endothelial cells wiU, foieip, endothelial cdb 
would be valuable for the transplantation of vascdar organs such as hearts. hn~ 
kidneys, etc. 

m tte replacouen, of host re,^ epithelial cells with foreign r-^lacemeot cells sud. .s 
human tenal cells would produce better xenografts for tr»»plantatioa, for pn»lUc«x« rf 
human erythropoietin, and for control of blood pressure. 

m grewth of foreign stem odU and progenitor cells in place of .ha co^sporrffag fej 
host cells would be use&l as a costive bioreactor for the p™d„ctiou of 
multipotential stem ceUs for stem ceU thaw. 

143) Tie replacemea of pdmonary and bronchid epitheKum with foreign replacement ceils 
sud, as human pulmonary and bronchial epitheUum would produce vataable <B»n 
bBt^pIants for fl» treatment of disorders and. as duonic putaonary Mure and ^ 

fibrosis. ^ 

144] Tie replacement of breast epithelial cdls ™th foreign replacement «Ds would be 

valuable for thepreductl™, of then^,ic&c.<^Tlefo«s.r=pIacea««cdlswouIdbe 

tn^fected for the desired p,otei,.Tl„p,otein could be easBy harvested fi«m a«nd^ 

a chimeric animal. 

(451 Tl«^°wth of forei^cartihge and bone cells in host m^mnals would be useM for 
reconstmctive surg«y. as wdl as for the d«dopm«« of new dmgs to trert disonto 

such as arthritis. 

[46] H'^-intestinalepithelialxeno^afecanbegcovmand.isedtotr^ 
. syndrome and (Aionic intestinal diseases sndi as Crohn's Disease. 
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T ransgenic animals and host animals 

[47] Fe«I m maternal hos. «umab p„fen.bly a« „<«-toma« n™»a„ such as non-human 
imma.es. artodac.yIs.«mivor«,™tab. or lag„m„,phs. Large mammals, such as pigs 
she,,, cows, or non-hnan primates, are useful for producing organs or large numbers of 
cells smtable fbr hmnm tansplantotion. Non-human primates ^ suitable fiom the 
standpoint of organ fbnc«on and simUarity to h»nan cells. Amino add sequencing of 
protems typically dem»strate 90 to 98% homology «ith hmam. WMe some of the 
lower Inmates, sud, as lem»s, ta« short gestati™, periods (132-134 d^X a. Wgha 
Plates (chimpanzees gorillas) ha™ gest«ion periods aH»»xhnatn.g that of humans 
(267 days). 

1481 n» artiodactyls (evoHoed un^daus) inchde se^al domesticated admals such as pigs 

*eq,. goats, «id c„™ Ma.^ of to organs ate smnlar t. ttose of hnmans and havi 
been sho™ to fin^tio. within humans or non-hnman primates. Tte gesution periods 
vary betweo, the membets of this order. Pigs have a period of 114 days. Sheep have . 
P«.od of .45 days. Co« have a gestadon period of 282 days. Pigs, sheep, and cows 
ofe spedfic advantages as a host animal. Pigs have large litters and short gestation 
P^ods. Fetal lambs are easy to inject with faeignreplacement^lk Co™ p™ta« 
offipring providing fl« potential fbr greater expansion. Also ceUs infbsed into one calf 

may drndate to the «fl«r calves through shared placenta drculation. Tie pig is a 
preferred host. 

The carnivores. mch.dmg dogs cats, etc, have sevenU feah^s that are potentially 
advantageous. M«,y have short g^tation periods (oats aboo, 65 days, dogs about 63 
^ys). and thdr newborn are relatively wdj developol C«a ««I dogs are often used as 
models of lAysiology and tran!]>lanlation (22. 23). 

Rodents, inchiding rats. mice, et^ ..e useful fcr eagrafta>«* with foreign replacement 
oells because of thdr short gestation periods and rapid growth to manrity. For example 

™s have a gestation period of only 21 days a«i grow to mahuity in only 6 weeks. I, is 
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relatively easy to produce transgenic rodent animals, including knockout animals with 
deletion of a gene. Lagomorphs, which include rabbits and hares, share with rodetits a 
very short gestation period and short maturation periods. Their larger size, however, 
make these animals better for producing larger organs and achieving greater expansion of 
the foreign replacement cells than the rodents. 

[51] Fetal hosts can be obtained by mating a transgenic male animal with a non-transgenic 
female animal. A '^transgenic animal" comprises a '*transgene,'' i.e., a gene that did not 
original in the transgenic animal (a foreign gene). A transgene may or may not be 
integrated into DNA of a host cell. The transgene preferably is integrated into the DNA 
of the transg^c animal's germ cells. 

[52] Transgenic animals can be made by any method known in the art, including nuclear 
transfer, intracdlular sperm injection, and perivitelline space injection (33, 34). Either 
the male or female parent can carry the transgene and can be either heterozygous or 
homozygous. In one embodiment, a non-transg^c female mammal is bred with a 
transgenic male mammal containing a sddde transgene whose expression is controlled 
by a tissue-specific promoter. A transgaiic male should be fertile and produce sperm 
with the suicide transgene in the genome. Preferably, the male is homozygous for the 
suicide transgene, so that all of the fetuses would thai be heterozygous for the suicide 
gene. Heterozygous males can be used, though only one half of the fetuses would 
contain the suicide transgwe. 

[53] If the prodrug is to be administered systemically to the maternal host, such as by injection 
into a sow, thm a male transgenic animal should be bred with a wild-type, non-transgenic 
maternal host Then, only the fetuses would express the suicide gene product. Optimally, 
a transgenic male would be homozygous, expressing the g^e on both somatic 
chromosomes. Then all of the fetuses would carry the suicide gene in a heterozygous 
maimer. The transgenic animal could be heterozygous as well, but only a portion of the 
fetuses would express the suicide gene. 

11 
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154, For example, to g^w hum» Hver cell, (hepatocytes) i„ pig „ve., a „„„.^g«,, 
female p,g (gU. or »ow) would be bred wiU, a .ransgemc n,ale pig (boar) a suicide gene 
cont^IIed by a liver specific pn,™.er such as ^ albumin „r an cfetop^ein pron^ota 
TTe fetal pigs daen express fte suicide gene product in the target tissue but fte gilt or 
sow does not express it. Otter tissu«pecific pomotm are known in the an and can be 
used as appropriate such aatheb,eastsp.cificp™no,„fcr,fce„h^^^„p„^ 
.STOSn^se related pn^oters (raP-l a™i m.2), DF3 enhancer, "ms (tissue specific 
r^atory sequences), tyrosine hydroxylase pn»noter. adipocyte P2 p™,„,er PEPCK 
promoter, CEA promoter, and casdn promoter. 

DeslntaUmo/felal target cdb 

155, Tissue and ceUuhr depledon in the fetus leads to an advantageous «.vironmen, for 
rogenerati™, by p„^ding spaceinthedssuefornewcell growth, production of growth 
&«ors &vo«bl. to cellular growd, prot^tioo fiom injury by fl,e immune system, and 
protection from infection. 

[56, Ideally, the i.^ should be as early a, possible without c«,sing Are death of the fetus 

mfetaldss«esho„Hbesultf.c.edto injury and cellular depletion ata*^ 
betwe«> the imdal fetal development of the tissue »d the birth of dre host «mna, He 
selecdve and co,.aitional destruction of fetal target cells can be accomplished m various 
ways. For example, one could take advantage of the inc«ased s««itivity „f 
h^atopoiede cells to radiation and admimster locdizod radi«i«n to .he feh^es befcre 
-nfusmg the replacement cells. Altonately. several protem, have been associated with 
«riy hematopoiefic stem cells ««i p,^,„r cells, such as CD34 (23) and okit «cept„r 

(24).lia„genicm«nmabconUbep«d«=ed.ha.expressasuicidegeneundertheCD34 
or o-kr, r^eptor promoter. If a transgenic mammal is used with tte smdde «nc 
expressed universally, dre pmdmg can be deUvered with Uposomes containing stem ceU 
ft<!tor (specific for die c-Kt recqrtor) or an antibody to CD34. 
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[57] Preferably the fetus is a chimeric animal v/ifh one transgenic and one normal parent. 
Typically, the male parent is a transgenic animal that expresses a suicide gene. A 
"suicide gene" is a gene that encodes an enzyme that converts a nontoxic prodrug into an 
active toxin that causes apoptosis. The suicide gene is typically vural or prokaryotic. 
Examples of suitable suicide genes include, but are not limited to, thymidine kinase 
(either wild-type or comprising a mutation), cytosine deaminase, carboxylesterase, 
carboxypeptidase, deoxycytidine kinase, nitroreductase, guanosine xanthin 
phosphoribosyltransferase, purine nucleoside phosphorylase, and thymidine 
phosphorylase. In tfie absence of the prodrug, e?q>ression of the suicide gene preferably 
has no toxic or oth^ adverse effects on normal cellular metabolism (1 5). 

[58] Various prodrugs are available for selectively killing kill that e?q)ress the corresponding 
suicide gene product The products of the suidde genes act on a prodrug, converting fhem 
into a toxin. In the absence of the suicide gene product, the prodrug is relatively 
innocuous. Examples of prodrugs for thymidine kinase include gancyclovir, 6- 
methoxypurine arabinoside, and (E)-5-(2-bromovinyl)-2* deoxyuridine. An Example of a 
prodrug for cytosine deaminase is S-fluorocytosine. An example of a prodmg for 
carboxylesterase is irinotecan. A prodrug for carboxypeptidase is 4-([2<hloroethyi][2- 
mesyloediyl]amino)benzyol-L-glutamic acid. Examples of prodrugs for deoxycytidine 
kinase include 4-ipomeanol cytosine arabinoside and fiudarabine. Examples of prodrugs 
for guanosine-xanthin phosphoribosyl transferase include 6-thioxanthine and 6- 
thioguamne. An example of a prodrug for nitroreductase is 5-aziridin-2,4- 
dinitrobenzamidine. An example of a prodrug for purine nucleoside phosphorylase is 6- 
methylpurine deoxyribonucleoside. Examples of prodrugs for thymidine phosphorjiase 
include 5'-deoxy-5-fluorouridine and l-(tetrahydrofuryl)-S-fluoroiiracil. 

[59] The pref^ed embodiment for selectively and conditionally injuring fetal cells is to 
administer a prodrug to a fetal transgenic non-human mammal in a manner that injures 
cells of the targ^ tissue without causing injury to the maternal host or to the foreign 
replacement cells regoierating die tissue. The transgenic mammal expresses a suicide 
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transgene product in cells of the target. When exposed to the corresponding prodrug, 
these cells die. 

[60] The presence of the suicide gene product in flie appropriate fetal tissue can be established 
by sampling tissues from fetal transgmic mammals and analyzing them with Western 
blots with specific antibodies. 

[61] If desired, subpopulations of target cells such as h^atopoietic cells can be targeted. For 
example, B cells can be targeted in transgenic animals carrying a suicide transgme under 
(he control of a CD19 promoter or by delivering the prodrug with iramunoliposomes 
directed to flie CD19 antigen. Nerve tissue can be removed surgically. Transgenic 
mammals Transgenic mammals using a promoter or immunoliposomes specific for fetal 
nerve tissue, such as calbindin-D28k, can be used (26). 

[62] Myoblasts differentiate into smootfi muscle, skeletal muscle or cardiac muscle 
(cardiomyocytes). Selective destraction of the respective muscle can be accomplished by 
targeting specific promoters or antigois, such as sarcolemmal extracellular ATPase for 
smooth muscle (27), ryanodine receptor in skeletal muscle (28), and ventricular myosin 
light chain for cardiac muscle (29). Epittielial cells can be targeted based on the 
respective cytokeratins. Fetal retinal pigment epithelium can be removed surgically or 
targeted based on related proteins. Native pancreatic islets could be depleted with 
streptozotodn (18), or the beta cells could be targeted based on specific proteins, such as 
the insulin promoter. Endothelial cells can be targeted based on the promote for von 
Willibrand's fsictor or antibodies to specific adhesion molecules such as ICAM-2 (30). 
Renal cells can be ablated with a suicide gene under a kidney specific promoter or 
antibodies to renal antigens. Native breast ductal cells can be targeted using breast 
specific promoters and antigens, such as 24-17.2 (31). Host intestinal epithelial cells in 
the base of the intestinal crypts are radiosensitive and express unique antigens (32). 

[63] The suicide gene product preferably is expressed in the appropriate tissue of the fetal host 
manmial at a level suffidmt to be sensitive to a prodrug. The optimal dose of a prodrug 
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^ prodrug. fl» particular suicide gene. ^ ,cve, of .icide gene expression 
-ft. .argued,, zygosity of U,e fCa, n,a„™al. route of ad^inistraUon. and piacenta. 

^ ^^^''"---dilybede.e^un^ibyadminis.cringincrea^gdosesof 
fte p^irug to the pregnant manunal, assessing the effect on flre target cells u«ng 
— paUroios, methods and assessing fl>e effect » feta. surviva, using ultrasound 

andpathologytecWques.Tl,eoptin^dose«o»ldpr«*K«signific»tceUinw 

a n^inrnn. of fetal d^uhs «, 5%, For example. ^ prego... J 

mce he.«,^ .or fl^dine Hnase under the albumin promoter (expressed I fl. 

^^™.^^wi.hin.«asi.gd„sesofgancyclovir.ltwasfoundthatanin^^^ 
mjecon of 25 n,g*g produced significant hepatocytc neer^is but the fe,., pups 

somved. At 50 mgftg and W^, the fetal nuee died. 

Nl ^P™^»«h^ste«d.o.hefe,alhosta.agcsta.io.periodwhenthetargetti^ 
^ «.a suicide gene is expressed in Ore fetal hos^ ge^y between ^ 

totoes.erandbeforebi,.hoftheanin»l.ffthe.iss«^fici.yfede.ernu^ 
tssu^specific pronroter. the tinOng n«y ab. be i.iiuene«l by producdon of the 
tansgene products. For exantpl^ the .^fetopr^ein ^ i, ^ 

^^•ocyte. So .heapp,opri..ep,«hugwo„ldd<,.et..po.ti„n„fthe fetal hepatocytes 
2 .3*0 expressed in to ,.Dr sac (19). Wore, it would be prefe^ble to delay 
Of .he ^ unti,,^ ^ ^ ^ ^ J 

tost tnmester. 

ft^ ft-ooss the placenta, barrie, can bcadnunistered^ Such 

eetrahj^ofin^s-fluoro^ phosphoric), "nre placental transport of 

^proposed pn^ug can readily be d«ennin^ anpiricaUy. F„H„™g syst^ic 
^s«.o. to the nrat^nal hos, fetal tissues can be sanded fc, levels of .he 
W.ft.ransge.canin.a.,top.od„.gisadn>in^ 

mfte fetal hssnes can be assessed by st^tdard histology. A dose response sn.^ 
es^^hahes fte optimal dose of prodrug, which pmduces significant tissue injury with 
maximum survival of the fetuses. J"iy wim 
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Prodrugs that do not cross the placental barrier can be administered directly to the fetal 
host. Methods for administering drugs to fetuses are known in the art. For pigs for 
example, the optimal dose of gancyclovir is about 25 mg/kg (rangmg from about 5 m^g 
to about 1000 mg/kg). and is administered at approximately 45 days gestation (fiom 
about 25 to 114 days). 

The specificity of destroying the fetal target ceUs without injuring the fottign 
replacanent cells or maternal host cells also can be accomplished in other ways In 
another embodiment, transgenic fetal animals comprising a suicide transgene under the ' 
control of a miiversal promoter ex,«ess the suicide gene product in all tissues. Suitable 
umv«sal promoters include the MoMLV LTR, RSV LTR, Friend MuLv LTR, 
adenovirus piomot«r, neomycin phosphotr^ferase promoter/enhancer, late parvovirus 
promoter, Herpes IK promoter. SV40 promoter, metallothionen Ha gene 
enhancer/promoter, cytomegalovirus immediate eariy promoter, and cytomegalovims 
immediate late promoter. Optionally, an inducible promoter can be used a 
metallothionein gene promoter. liposomes comprising a tissue-specific targetirig ligl„l 
specific for the fetal target ceU or immunoliposomes comprising a surface antft,ody that 
specifically binds to an antigen on a target cell are then fayected into flie fetal animal 
Hie methods for production of liposomes and immunoliposomes containing prodrug are 
described in the literature (36, 17). 

Specificity for the target tissue is detemuned by the ligand or antibody on the surface 
The eq^dfic antibody or ligand would be determined by the system used. For example 
to dq^Iete fetal hq,atocytes, Hposomes would be produced carrying a Ugand for thi 
asialoglycoprotein receptor expressed on hepatocytes. The fetal tissues would be killed, 
but the oflier fetal tissues would not be affected because they do not have the rec^tor 
The regenerating cells would not be affected because they would not contain the suicide 
gene product. The maternal hepatocytes would not be affected because of limited 
transport of tiie liposomes across the placenta. 
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[69] The liposomes would not affect the foreign replacement cells that do not express the 
suicide gene product. The liposomes would not significantly affect the maternal host 
because either the maternal host does not express the suicide gene product or the 
hposomes do not cross the placental membrane into the maternal drculation. 

I70J Th, appropriate prodrug can be contained within the liposomes or immunoliposomes or 
can be administered separately. Th. optimal dose of a particular prodrug and the optimal 
dose of liposomes or immunoliposomes can be det«mined as described above. 

1711 For example, to replace pig hepatocytes with human hepatocytes, transgenic pigs can 
comprise a suicide gene, such as thymidine kinase, under the control of a universal 
promoter, such as a CMV promote. Th, transgenic pigs (either female, male, or both) 
are bred Liposomes are produced containing gancydovir (opthnal dose about 50 
«nge about 2 to about 500 MM). ^ another embodiment, transgenic pigs comprise a 
, cytosme deaminase suicide gene under the control of the univei^al promoter. The 
liposomes or immmioKposomes contain 5-fluorocytosine (about 2 to about 500 pM). The 
liposomes or immunoliposomes can have a galactosylated surfece that contains 
cholesten.5-yloxy.NK4-((l.imino.2-B^.thiolgalactos-^^^^ 

(Gal.C4^ol), which binds spedficaUy to the asialogiycoprotein receptor expressed on 
the surfece of hepatocytes (17). Alt^natively an antibody that spedficaUy bmds to an 
asialoglycoprotdn receptor can be linked toaUposome, for example usingap 
^ycol Imk. The liposomes or immunoliposomes are injected into the fetal pig at about 45 
days (range about 25 to about 114 days) or at the equivalent gestation period for other 
non-human mammals. Foreign replacement cells can be injected simultaneously or at a 
tmie shortly before or after the liposomes or immunoliposomes. 

[721 When a transgenic male is bred with a non-transgenic female, the suicide gene product is 
expressed only in the fetuses. It is not expressed in the maternal host or in the 
regenerating foreign replacement ceUs. Administration of a prodrug leads to destruction 
of the select fetal tissue cells. 
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[73] In another embodiment, the transgenic mammals express the suicide gene product in 
most or all tissues. TTie specificity for the target cells is accomplished by placing the 
prodrug in the fetal mammal in a manner that it enters primarily the target cells. 

[74] In another embodim^it, transgenic non-human mammals express the suicide gene 
product in most or all tissues. Specificity for the target cells can be accomplished by 
providing the prodrug directly to the tissue containing the target cells. For example, if 
the fetal hosts express thymidine kinase in all cells, including hepatocytes, the ptodrag 
gancyclovir can be injected under ultrasound guidance into the Uver, where ^ prodrug 
would kill the hepatocytes. 

[751 There are also methods for selectively and conditionally injuring and destroying fetal 
ceUs and tissue that do not use transgenic animals. In one implementation, the fetal cells 
would be tiansfected with g«ie ther^y using a vector canying flie suicide goie. This 
could be a viral vector such as a defective adenovirus, or a non-viral vector such as 
liposomes ornaked DNA. 

[76] The fetal tissues could be surgically removed. For example, mudi of the liver could be 
removed by-surgically resection. This would lead to regen«ation of the liver with the 
new cells. 

[77] Fetal ceUs also can be dq,leted by diemical means: For example, when streptozotodn 
has been iiyected into fetal rabbits and sheep, it destroys the pancreatic islets, leading to 
diabetes in flie fetal animals (18). However, it has relatively littte effect on the maternal 
islets. 

Foreign replacement cells 



[78] 



"Foreign rq»lacement cells" are defined as ceUs capable of proKferating and, optionally, 
differentiating into mature ceUs within a tissue to regenerate the tissue. Such ceUs 
include differentiated cells, progenitor cells, tissu^specific stem cells, multipotent stem 
cells, and omnipotent stem cells. TTie ceUs may be fiom the same spedes or fiom a 
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^it^ species (xenogeneic) a„d may be prin,a^ celb or cel.s of a ceU iine. Ceils ft™ 
^e s»,e species can be used U, p„duce fac.„„ in fl,e dtoeric anin,al to have 
«»apeu.c value. F„. example, pig hepato.^ ^ ^ 

m When ftese cells ^lace d>e native pig hepato.^ fl,e ehi„,.Hc ,nin». ».„ld 

be nsed as n^dels for taan pH,sio.c«y and disease, for fte devel„p„.e„, „Lew 
dn.^ and vacdae, for a« p„^„cH„n „f 

P«™de cel^s and «^ fo, .^„3„^„, ^^^^ ^ 

be genetically modified. 

Tis-o based s.™ «aa la«, d« ability to p^Uft^ and difie,e„«a.e into the 

o^r^ r - diffe^^ acts 

of LangeAam. Hqattc oval cells can differentiate into hpatooytes. 

Adult stem ceil, and obtain tissue^ stem cells a« knovm to have plasticity being 

2^«^a.e .to endothelial cells. ne„.ns. glia. h.«s, cardion„„c^ ,^ 
cells, puhnonaty epitheli™, inU=stinal cells, skin epiti.eli», bon., cartilage 
muscle, fat, and brain (20, 21). caraiage, 

tissu.E.therfl.e„bo™cs.«ceUs.ceUlin«p.oaucedftomen.b^nics^ J 

1821 foreign r^lacement are injected into th. fetus in a sterile n»nner using 

regenoate u.e GenenUy more cells are more efiective ti™ fewer ceUs, The ceUs 

ca,«ble of regeo«.ing the tissue shouM be presort at a time Mowing ti^^ 

destn.ctiouof.«^bos.cens..h^maybeinjec,«lbeforetheinju.,.pLedZt^ 
-v,v.untilafl,theinj„.yoccu„,OptimaHy.thecellsshonldbeplacI,iuti»J2^ 
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before the birth of the host mammal, in order to benefit from the protection provided to 
the fetus by the rnatn™! host and immune hyporeactivity to the fortign «,laeeme„t 
cells. 

For example, human cells capable of regenerating the liver, such as hepatocytes, liver 
progemtor cells, or hematopoietic stem cells, can be injected into fetal pigs. lUe optimal 
number of cells injected depends on the source and can be deteimined empirically using 
routine screening methods. For pigs, optimally the cells are injected at 52 d^ gestation 
or seven days after the prodrug (range 25 to 114 days gestation). The optimal dose of 
human hepatocytes is 5 x 10%ig (range 1 x 10^ to 5 x lO' cells/pig). The optimal 
number ofliverstemcells is 5x 10Vg(range I to 5x lO'/pig) (16). . Bone marrow and 
cord blood provides a source of pluripotential progenitor cells that can differentiate into 
hytocyt^. The optimal dose of cord blood is 2.5 x lO' nucleated cells/pig (range 1 x 
10 to 10«). The ceUs preferably are injected using a sterile technique. Ultrasomid 
guidance can be used. The injection technology is generally known to those femiliar with 
the art. 

J6r .Qxmafag and enriching a foreign replacement cell populatton from a 
"•^eofforeignry^acementcelk and halt nuimmal cells P°l»«^n jrom a 

n.e invention provides methods ftr effida^y removing host cdb fiom . eeD M^on 
contaimng both host cells and fordgn rq,la«ment ceUs. For «.m0., if i™^ 
hepatoqies were gto™ «i«rin a fetal ttansgaric norimman mammal containing a 
smdd. g«e produa. it would be ad«Btageons to «^ fee non-hmnan mammal cells 
ftom 4e human cdls. Ue humm cells could then be used, for example, for 
transplntaion fat» patients. Human cells also can be used m devices; for e^nple, 
human hepatocytes can be used artificial Bvers, providing temporary life support for 
patients in liver failure. 

m one embodiment, a mixture of cells from a tissue of a transgenic non-human mammal 
contammg a suicide gene product and non-transg«uc foreign rq,lacement ceUs is placed 
in a hquid medium containing a prodrug for that activates the suicide gene. In the 
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presence of tte suicide t,»sgene pnKjuc, fte .ransgemc cells die wlule to foreign 
replacement cells remain viable For example, if fl,e suicide tansgene is aj^idine 
kmase, gancyclovir or a gancyclovir analogue is added to the culture medium (optimaUy 
at about 20 MM. ranging fix,m about 1 to about 10 pM). After a paiod of time (eg. 
from about 1 to about 20 ^ prefaably about 7 days), tte aon-human mammalian cells' 
would die out, leaving a su^ension «mehed for foreign rq,lacem«.t cells. De«i non- 
human mammalian cells and ceU fiagm«,ts can be separated from live foreign 
rq.lac«nent cells using esUiblished technology vreU known to those skiUed in dae field. 

to another embodimem, nonJ.uman mammalian host celb oontam a transg»e that 
&cd.tatessq»,atioaof.h.» cells fiom (he fordg. .placemen, cdls. For example 
hansgene can encode green flu^esoent protein (GFP). The non*uman mammalian «lls 

oan to be sep^ated &» fte fo,«ig„ placement cdls that do not express GFP by 
fluorescence activated cell sotting. 

to another embodnnent. a mixture of ceDs fiom a transgemc mamrnal cont«mng a 
smcKie gene product and non-traasgenic foteign replacement cells is culta«d to medium 
contamtng a prodnzg for the suicide g«,e product The transgenic cells die, ^e (he 
foragn replacement cdls r«nam viable. For exaniple, gancyclovir or an analogue can be 
added to a culture of a mixture of human hepatocyte, tr,nsg«ic pig cells compismg 

thymidine Knase (optto«lly 100 mg/1 „ 4 mM gancyclovir . nm^ 2 to 1000 mgfl) 
Alter a p«iod of time (optimaUy 7 d^, range 1 to 20 daysX (he pig cells die, leavmg a 
suqmision enriched for human hepatocytes. 

To purify fordgn r^lacemeat cells fiom native host cdls, the suidde gene product could 

etther be aq^ssed m sdect cdb under a spedfic promote or ^pressed globally under a 
umvemi pnmoter. However, global expression would pemut mo,, thorough 
punficttion. h. ae d»ve example, pig cdls with the suidde gene und« an albumm 
promoter would p«nit dfaunation of the native hepatocytes, the primaty contamtoattog 
odl. A sutdde gene contn,lled by a universal p,™not«. however, would hdp dmrinate 
other cells as wdl, induding endothdial cdls, Knpfa cdls, eta 
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[89] There are multiple methods for separating dead cells from viable cells. If viable cells 
adhere to the culture flask, dead cells can be removed by removing the media and 
washing the adh^ent cells with media. Dead cells also can be removed by centrifuguig 
the mixture over a density gradient. 

[90] Other transgenes can also facilitate depletion of the native cells from the foreign 
replacement cells, such as new antigens allowing for antibody mediated separation, 
ligands for receptors, and proteins that chelate iron, allowing for magnetic removal. 

[91] A mixture of cells procured from the chimeric host mammal to determine the presence 
and amount of host manmialian cells remaining after purification procedures. Cells &om 
the transg^c mammal contain a unique transgene in the genome, allowing for sensitive 
polymerase chain reaction assays using primers specific for the transgene. Routine and 
quantitative PGR assays are well known to those in the field. Expression of transgene 
products permits easy quantitation of the remaining cells. For example, the expression of 
green fluorescent protein in the host mammalian cells pemiits quantitation of the host 
cells by flow cytometry. 

Normal maternal host comprising a fetus having a targeted cellular injury 

[92] The invention provides a normal maternal host comprising a fetal non-human manomal in 
which one or more targeted cellular injuries has been induced. The cellular injury in the 
fetus is conditional and can be induced at the discretion of the user. This provides an 
efficient and cost effective bioreactor for growing foreign replacemmt cells, including 
transfected cells for production of therapeutic factors, models for the study of disease and 
development of drugs and vaccines, and a source of cells and organs for transplantation. 

[93] The combination of normal maternal host and fetal non-human mammal comprising such 
a cellular injury provides advantages for growing foreign replacement cells within the 
fetal host, including a structural firamework for regeneration with foreign replacement 
cells with space for the foreign replacement cells, appropriate growth fiictors, physiologic 
support fi:om the maternal host, protection from inmiune rejection, and a sterile 
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environment. The host species should be fertile and able to reproduce. Injury to target 
tissue in the fetal non-human mammal can be controlled by the user and can be specific 
for select cells in the fetus but not in the matemal host or regenerating cells. Such a fetus 
can continue to live for an extended period within the uterus of the matemal host 
manraial. The fetus preferably is receptive to the placement of regenerating cells during 
fetal development. 

[94] All patents, patent applications, and references cited in this disclosure are expressly 
incorporated herein by reference in their entireties. The above disclosure generally 
describes the present invention. A more complete understanding can be obtained by 
reference to the following specific examples, which are provided for purposes of 
illustration only and are not intended to limit the scope of the invention. 

EXAMPLE 1 

Growth of human hepatocytes in fetal pigs 

[95] These studies demonstrate that human hepatocytes survive in fetal pigs and produce 
human liver proteins. 

[961 Pig livers can provide temporary siq)port for patients with acute liver failure. Because 
many proteins produced by the livo: are species specific, however, these xenografts might 
not be adequate for long-term support To produce chimeric pig livers repopulated in 
part with human hepatocytes, fetal pigs w^e infused with human hepatocytes. 

[971 Human hepatocytes were injected into the livers of pre-immune fetal pigs (45 days 
gestation) using ultrasound guidance. Frozen and thawed human hepatocytes were 
infiised into 8 piglets (2 or 5 xlO^ cells) fiom two litters. The two piglets of another litter 
were infused with human hqpatocytes transformed with SV40 (10 x 10^ cells). After 
farrowing, a fourth litter was euthanized at 5 days and flie tissues analyzed. Piglets of flie 
first three litters were followed by testing their sera for human liver proteins. Alpha-1 
antitrypsin (al -antitrypsin) was drtected with Western Blots. Serum amyloid A (SAA) 
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was quantified by ELISA. Tissues were evaluated using PGR to detect class I human 
leukocyte antigen in the major histocompatibiUty complex and immunoperoxidase 
staining using a monoclonal antibody to detect human albumin. 

Two injected piglets from the first litter were stillboin. Their tissues, however, contained 
human DNA. The other three injected pigs were healthy, as were the five chimeric pigs 
from the other two litters. All showed evidence of human hq)atocytes, with levels of 
human SAA at 0.1% to 0.9% of normal human levels. Alpha-1 antitrypsin was assessed 
in the serum of three pigs, which had levels of al -antitrypsin between 1 and 22% of 
normal hunuin levels. 

The spleens of all five pigs from the first litter contained human DNA. 
Immunoperoxidase staining of tissues of the euthanized pigs for human albumin showed 
individual human hepatocytes in the ^leen and scattered lobules in the Uver. The lobules 
had a normal sinusoidal architecture. SAA was detected in the seta of the other five pigs 
for up to 90 days (as long as these pigs were followed). 

HOC] These studies demonstrate that human hepatocytes survive in fetal pigs and produce 
human Uver proteins. Based on the ceUs observed in the Uver and spleen, it is estimated 
that the human hepatocytes expanded 29- to 90-fold. AM»arently, the native pig 
hepatocytes Umited the engtaffanent of the human cells, because engraftment of human 
cells amounted to less than 3% of the pig Uver. 

EXAMPLE 2 

Growth of human hepatocytes from marrow or cord blood cells in fetal pigs 

[101] This example demonstrates that botii human bone marrow and cord blood are ^propriate 
sources for hepatocytes. 

[102] Hematopoetic stem cells demonsti:ate plasticity, with the abiUty to differentiate into 
somaticceUs. In this study, human marrow or cord blood cells were infused into fetal 
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pigs. Hie resulting chimeric pigs were assessed for evidence of human hepatocytes and 
serum proteins secreted by the human hqjatocytes. 

1103] Human marrow cells (1,5 to 3 x lO'/pig) or cord blood cells (1-1.5 x lO'/pig) were 
injected into the livers of pre-immune fetal pigs (45 days gestation) using ultrasound 
guidance. The marrow was depleted of 75% of the CD4* and CD8* T cells. The pigs 
were delivered by Cesarean section at term. At 1 to 2 weeks of age, serum was evaluated 
for human serum amyloid A (hSAA) and human albumin (hAlb) using an ELBA. 
Paraffin-embedded sections of Uver were stained by immunoperoxidase for human 
albumin using an immunoperoxidase method. 

[1041 Serum was available firom 17 pigs injected with human marrow and 13 pigs injected with 
cord blood cells. Fourteen of the manow-injected pigs were considered chimeric. Hie 
concentration of hSAA was 62 +/.152 ng^ for the mant>w-injected pigs. Hie famnan 
albumin in the marrow-injected pigs was present at an average concentration of 7 47- 8 
jig/ml. Immunohistochemistry of Hver sections demonstrated lobules of hepatocytes 
expressing human albumin, with apparent ceUular expansion. The hepatocytes showed 
normal sinusoidal architecture. The periportal regions, however, did not contain 
hepatocytes expressing human albumin. The area of tissue stained was less than 3% of 
thetotal. ThepigsinjectedwithhumancordbloodceUsshowedsimaarresults. 
EXAMPLES 

Expression of a suicide gene product in a ceU line and sensitivity to a prodrug 

(1051 Hiis example shows that selective expression of a suidde gene product and sdective 
kiUing of target ceUs can be controlled by a tissue-specific promoter. 

[106] Uv&c cell lines were transfected with suidde genes controlled by eithw an albumin or an 
Orfetoprotein promoter. Albumin and ctrfetoprotein are expressed primarily in 
hepatocytes, with a-fetoprotdn expressed more in immature hepatocytes and liver 
carcinoma lines. 
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[107] Mouse and human liver cell lines were transfected with constructs containing delta 
thymidine kinase under the control of either a porcine albumin or a-fetoprotein (AFP) 
promoter. The moxise cell line (TIB73) is a line of mature hepatocytes in which albumin 
is expressed. The human cell line (Huh-7) is a line of hepatocellular carcinoma cells that 
express predominantly AFP. The transfected cells were tested for thymidine kinase by 
Westem blot. 

[108] To assess the function of mutated thymidine kinase, Huh-7 cells were stably transfected 
with AlbxTK. Transfected cells were selected using 200 ng/ml Zeocin. Transfected cells 
as well as untransfected cells wore plated in duplicate in 24-well plates at a 40 percent 
confluence ratio. Gancyclovir was added to the cells in the culture media at different 
concentrations (4 jiM, 8[iM, and 16 [iM). After 5 da/s, the cells were trypsinized, 
washed twice in PBS, and stained with propidium iodine for FACS analysis. 

[1091 As shown in FIG. 1, thymidine kinase was e>^essed by both the mouse hepatocyte line 
(TIB73) and the human hepatocellular carcinoma line CH^7)- Expression with the 
albumin promoter was greater with the mature hepatocyte line, while the expression with 
the a-fetoprotein promoter was greater in the hepatocellular carcinoma line. While PGR 
analysis demonstrated the presence of the transgene in non-liver lines (fibroblasts, renal 
tubular epithelial line PK-15) transfected with these plasmids, expression of thymidine 
kinase was not obsenred by Westem blot. 

[110] Incubation with 8 or 16 )iM gancyclovir caused significantly more cell death at S days. 
The Huh-7 cells wore entirely killed at 7 days. Gancyclovir had only a minimal effect on 
non-transfected cells. 

EXAMPLE 4 

Selective destruction of fetal hepatocytes in using a suicide gene under control of a 
tissue-specific promoter 

[111] This example demonstrates that selective tissue injury of the target cells can be produced 
in a fetal host using a suicide transgme under the control of a target tissue-specific 
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promoter without significantly affecting the maternal host. It also demonstrates 
production of fatile males that carry the transgene and that the prodrug gancyclovir 
crosses flie placental barrier to cause injury in fee fetal target tissues. 

[112] Transgenic mice were produced with the FVB strain containing the mutated fliymidine 
kinase transgene under the albumin promoter. The males fix)m the F2 generation were 
fertile and homozygous. These males were bred with non-transgenic FV^ mice. At 14 
days gestation, gancyclovir (0 to 100 mg/kg body weight) was injected intravenously into 
the pregnant mice. Tissues from the mottiers and f^es were analyzed by histology. 

[1 13J No injury was observed in the fetuses or mothers injected with vehicle. At 25 mg/kg, the 
fetal mice had partial neaosis of the hepatocytes. At 50 and 100 mg/kg, there was 
massive hepatic necrosis. There was no observable injury to the hepatoq^ of the 
mother or to the non-liver tissues in fee fetal mice at any dose. 

EXAMPLES 

Immunoliposome delivery of prodrug to cell lines containing a suicide gene product and 
an appropriate surface antigen 

[114] One implementation of fee invention uses transgenic host mammals that express fee 
suicide gene product in all tissues. Tissue-spedfidty is provided by immunoliposomes 
carrying an antibody or liposomes wife a ligand specific for a select receptor. This 
example dononstrates fee relative q)ecificity provided by immunoliposomes. 

[115J Immunoliposomes ware produced wife mouse anti-pig Qass I SLA anti^ on fee 
surface and containing gancyclovir at concentrations from 0 to 100 pM. The 
immunoliposomes were incubated wife cell cultures of PK-15 (pig renal tubular cell line) 
transfected wife feymidine kinase under fee control of a universal promoter or wife Huh- 
7 (human hepatocyte Ime) wife feymidine kinase under fee control of an ctrfetoprotein 
promoter. 
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[1161 The immunoliposomes killed cells from the pig cell line, which expresses class I SLA 
antigen, in a dose response manner. The immunoliposomes did not significantly affect 
the hximan cell line, which contained the suicide gene product but not the class I SLA 
antigen. Immunoliposomes without gancyclovir did not affect either cell line. 

EXAMPLE 6 

Development of transgenic pigs containing a suicide gene 

I 

[1171 This example demonstrates the construction of heids of transgenic pigs contaimng 
suicide genes. 

[118J Briefly, fibroblasts from 35-day-old fetal pigs were cultured and then transfected with a 
suicide transgene (either a mutated thymidine kinase or cytosine deaminase) using 
electroporation. Colchicine was added to arrest the transfected fibroblasts in G2M 
phase. Swine oocytes were cultured, and the'polar bodies were removed. Transfected 
fibroblasts were inserted into oocytes using a micromanipulator. FoUowing activation, 
embryos were implanted into surrogate sows at estrus. The litters were monitored by 
ultrasound. At term, the pigs were delivered by Caesarean sectioa 

[1191 Cord blood firom the transgsoic pigs wwe analyzed fox the presence of the transgene 
using PCR. Hie transgenic pigs were bred, and the Fl and F2 fetal pigs were analyzed 
by Western blot for the presence of the suicide gene. Sensitivities to the corresponding 
prodrug (gancyclovir for thymidine kinase, 5-fluoiocytosine for cytosine deaminase) 
were assessed in other sows carrying the suicide gene. 

[120] The genetic constructs were used for the suicide transgeoes are shown in FIG. 2. Tbe 
nucleotide sequence of a pordne albumin promoter is shown SEQ ID N0:1. xTK is a 
mutated version of a Herpes simplex virus (HSV) thymidine kinase gene that was 
mutated by two rounds of site^Mrected mutagenesis, resulting in the replacement of 
adenosine for cytosine at nucleotides 130 and 180, to prevent male sterility. The 
nucleotide rq)lacements resulted in a codon diange such that a leucine replaces a 
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methionine. These changes do not affect the enzymatic activity of the gene, because the 
catalytic pocket is located far away from the mutations. The four constructs also contain 
green fluorescent promoter under a universal promoter. This aids in the analysis of 
chimeric animals and in the separation of native pig cells from foreign replaceoaent cells. 

[1211 Three transgenic male pigs with the Alb-xTK transgene were delivered. Western blot 
analysis of fetal Fl pigs demonstrated the presence of thymidine kinase in the liver. 
Transgenic pigs were delivered and raised with the AFP-cytosine deaminase transgene, 
CMV-xTK transgene, or CMV-cytosine deaminase transgene. Western blot analysis 
confirmed expression of the product of the AFP promoter-controlled transgene in flie 
fetal liver and of CMV promoter-controlled transgene in multiple tissues (liver, lung, 
heart, brain). 

[122] The four herds of transgenic pigs are the first transg^c pigs containing suicide genes. 
This is the fir^t use of porcine tissue-specific promoters (albumin and o-fetoprotein), and 
the first pigs containing the mutated thymidine gene. 

EXAMPLE? 

Enhanced engraftment of human hepatocytes in fetal pigs with suicide transgenes ccfier 
exposure to a prodrug 

[123] The fetal environment is most suitable for growing foreign replacement cells. Growth 
factors are abimdant^ the enviroiunmt is sterile, and rejection of the fordgn replacement 
cells does not occur. The maternal host provides physiologic support However, the 
native cells severely limit the amount of engraftment. To overcome this problem, native 
fetal pig liver cells are killed by administering the prodrug gancyclovir to the sow. 
Because the sow does not contain the transgene, the sow liver cells are not affected. The 
prodrug crosses the placental membrane and kills a portion of the pig livo: cells in those 
fetal pigs containing the transgene. This is followed by infusion of human cord blood 
cells, which provides a source of progenitor cells to regenerate the fetal pig liver with 
human hepatocytes. 
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[124] A non-transgenic sow is bred with a boar that is hemizygous for a mutated thymidine 
kinase transgene unda- the control of an albumin promoter. Pregnancy is confirmed with 
ultrasound and gancydovir (100 mg/kg, i.v.) is administered at 40 days gestation. A 
laparotomy is performed at 45 days. Each pig is infiised with 10 x 10*^ human cord blood 
cells. The piglets are delivered at temi by Caesarean section. Blood is drawn from each 
fetal pig and analyzed for the presence of the suicide transgene using PGR. Serum is 
tested for the presence of hxmian liver proteins, including albumin, al -antitrypsin, and 
serum amyloid A. Sections of liver are frozen and stained for human albumin. 

[125] Piglets without the fliymidine kinase transgene express levels of human albumin, al- 
antitrypsin inhibitor and serum am^oid A at less flian 1% of levels seen in humans. 
Piglets with the thymidine kinase suidde transgene have levels of tiie three proteins at 20 
to 37% of normal faoman values. Sections of livCT from pigs without the suicide 
transgene show scattered lobules of human hepatocytes (e.g., less than 2% of the total 
liver). Liver sections from pigs with the thymidine kinase suicide gene show large areas 
engrafted with human hepatoq^es (e.g., an average of 25% of the total liva:). 

[126] Thus, extensive engraftment of the fetal pig liver with human hepatocytes can be 
achieved by exposing fetal pigs having a thymidine kinase suicide transgene to the 
prodrug acyclovir, whereas pigs without flie suicide transgene show very limited 
engraftment. 

EXAMPLES 

Conditional and selective destruction of host cells after an animal is bom 

[127] Transgenic boars are produced that express the suidde gene thymidine kinase under the 
albumin promoter. Accordingly, the suidde gene is preferaitially expressed in 
hepatocytes, particularly in juvenile and adult pigs. 

[128] The transgenic boars (preferably homozygous for the suicide gene) are bred with wild 
type gUts or sows. During fetal development (30 to 90 days gestation, preferably 40 to 60 
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days), the fetal pigs are injected with progenitor or stem cells that develop into human 
hepatocytes. They may be human hepatocytes from isolated human cadavers. One to 20 
million hepatocytes (preferably 2 to 5 million) are injected into the liver or abdomen of 
each fetal pig. 

[129] After birth of flie pig, the serum or liver may be examined for evidaice of human cells. 
The prodrug for thymidine kinase, sudi as gancyclovir is administered to the pig, at a 
dose known to destroy a portion of the of pig hq)atocytes. Following recovoy, the 
prodrug may be administered on multiple occasions. 

EXAMPLE 9 

Conditional and selective destruction of host cells after an animal is bom 

[130] Transgenic mice are produced that express flie thymidine kinase gene under the albumin 
promoter. The male mice are bred with wild type fonales. Human hepatocytes (2x10* 
per fetal mouse) are injected at 17 days gestation, just prior to delivery. At 14 days of 
age, the mice are injected with ganc^ovir (50 m^g) on days 1 and 3 or wifli the 
vehicle. Hurty days later, the mice are sacrificed. The mice treated with gancyclovir 
show substantially greater eng^raftment witii human hq)atocytes tiian the controls not 
treated with gancyclovir. 

EXAMPLE 10 

Replacement of host cells with transfected cells to produce modeb of human disease 

Conditional SCID Pig with transgenic pigs expressing thymidine Mnase under the 
jakS kinase promoter. 

[131] Mice and humans with X-linked immune deficiency have nearly absent T lymphocytes 
and defident B lymphocytes. In both species, the X-SCID is associated with a mutation 
of the jak3 tyrosine kinase. Sequendng of the promota: shows a high degree of 
conservation between humans and mice (32). In contrast to typical SCID models, the 
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conditional SCID pigs are immune competent until treated with the prodrag. They are 
therefore much easier to produce. The conditional SCID pig is very usefiil for many 
different purposes, including development of stem cell transplants, development of 
surrogate tolerogaiesis, or cancer research. For exmsple, the conditional SCID pigs can 
be made immune deficient and transplanted with a human tumor line that metastasizes to 
tiie liver. New procedures for ablation of metastatic tumors can then be tested. 

[1321 The porcine promoter for jak3 is isolated from a cDNA library and expanded using 
primers flanking the 5' and 3' regions. The porcine sequence is determined. The albunun 
promoter in the pTracerpAlbxTK plasmid is replaced wifli the porcine jak3 promotCT. 
Transgenic pigs are produced and screened for the transgene in the bone marrow. Boa© 
marrow is fiirthor screened for mRN A by RT-PCR. 

[133] The transgenic herd is ^panded through cloning or breeding. 

[134] Transgenic pigs are treated weekly with GanQfclovir. The peripheral blood is evaluated 
at weekly intervals for T cells, B cells and immunoglobulins. 

[1351 EXAMPLE 11 

Replacement of host cells with transfected cells to produce models ofhtanan disease 

Conditional knockout and rq)lacement of endothelial cells with transgenic jn^ 
expressing thymidine kinase under the von Willebrand promoter. 

[136] The primary target of rejection in organ xoiografts is tiie endothelium. Most work with 
transgenic pigs has focused on modifying the endothelium, i.e., complement inhibitors 
and knockout of the alphaGal antigen. The pace of this research, however, is limited by 
the time required to produce a new line of transgenic pigs. In vitro tests can be 
performed wifli transfected cultured endoflielium. There are no good in vitro assays of 
acute vascular rejection, however. A transgenic pig herd wifli a suicide gene ejqpiessed in 
the endothelium can be produced, which allows replacement of native endothelium vsdth a 
test endothelium that is genetically modified. With this system, the hybrid pig organ can 
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be tested by transplantation. Multiple modifications can be compared. When the optimal 
genetic modification is achieved, transgenic pigs for clinical use can be produced. The 
pace of xenotransplant research can be accelerated by a factor of 10. These pigs are also 
valuable for studying hematopoiesis, atherosclerosis, and to develop better stents. 

[137] The porcine von Willebrand promoter is isolated and inserted into the pTracerpAlbxTK 
plasmid in place of the porcine albumin promoter. Fetal pig fibroblasts are transfected. 
Transgraic pigs are produced by nuclear transfer. At delivay, cord blood is screened by 
PGR for the transgene in the DNA. The umbilical cord is infiised with trypsin and the 
endothelial cells cultured. The cells are analyzed by RT-PCR and Western blot for the 
production of the TK mRNA and enzyme. The herd is e^qianded through cloning or 
breeding. 

[138] Endothelial progenitor cells are isolated firom oord blood of non-transgenic pigs using 
Meltenyi beads and antibodies to porcine CD34 or CD31. The progenitor cells are 
transfected with yellow gl^ under a universal CMV promoter. The transfected cells are 
infused into fetal pigs. The pigs are subsequently administered the prodrug Gancyclovir 
to deplete a population of native endothelial cells. Pigs are euthanized. Lung and liver 
sections are cannulated, washed and perfused widi trypsin to isolate endothelial cells. 
The relative number of cells with yellow fluorescence is quantified by flow cytometry 
and compared with similar engraftment studies p^ormed with nontransgenic pigs. 

EXAMPLE 12 

Replacement of host ceUs with transfected cells to produce models of human disease 

Replacement of native animal cells with cells from a human with congenital 
abnormality. 

[139] To produce an animal model of Gaucher's disease, hepatocytes firom a human cadaver are 
isolated and injected into fetal transgenic pig3 expressing a suicide gene, such as 
thymidine kinase under the albumin promoter. Later, the native pig hqmtoqytes are 
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depleted by administered a sublethal dose of the prodrag gancyclovir. This can be done 
on multiple occasions. 

EXAMPLE 13 

Replacement of host cells with transfected cells to produce models of human disease 

Replacement with cells in which the test gene has been inserted between Cre-Lox 
or FLP codes by the appropriate recombinase enzyme. 

[140] To produce more predictable outcomes, the replacement cells can come from a h^d of 
transgenic animals with the Cre-Lox or FLP marker genes. The q>pFopriate recombinase 
enzyme can replace the DNA between the markers with the desired transgene. Herds can 
then be readily produced that compare different genes for the development of the disease. 
For example, different apolipoproteins can be produced by different herds and the 
development of coronary atherosclerosis determined. 

[141] All patents, patent applications, and scientific references cited in this disclosure are 
expressly incorporated by reference in their entireties, 
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CLAIMS 

1. A method of engrafting foreign replacement cells wilhin a fetal non-human mammal, 
comprising the steps of: 

(a) selectively destroying native cells in a tissue of a fetal non-human mammal host, 
wherein the numb« of matemal ceUs of the same tissue is not substantially reduced; and 

(b) implanting foreign replacement ceUs in the tissue of the fetal non-human mammal 
host, whereby the foreign replacement cells replace destroyed cells of the tissue. 

2. The method of claim 1 wherein the cells of the tissue express a corresponding suicide 
gene product 

3. The method of claim 2 wherein the suicide gene is selected fiom the group consisting of 
thymidine kinase, mutated thymidine kinase, cytosine deaminase, carboxylesterase, 
carboxypeptidase, deoxycytidine kinase, guanosine-xanthin phosphoribosyl ixansferase, 
mtroreductase, purine nucleoside phosphorylase, and thymidine phosphorylase. 

4. The method of claim 1 wherein the tissue is selected from the group consisting of Hver, 
endothelium, hematopoietic ceUs, neural ceUs, epitheKum, retinal pigment epithelium, 
myocardimn, skeletal muscle, smooth muscle, progenitor cells, stem ceUs, lung, intestine, 
kidney, endocrine tissue, cartilage, and bone. 

5. The method of claim 1 wherein the fetal non-human mammal is selected fiom flie group 
consisting of aprimate, an artiodactyls, a rodent, a carnivore, and a lagomorph. 

6. Tlie method of claim 1 wherein the foreign replacement cells are derived from the same 
species as the fetal non-human mammal host 
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species than to fetal non-hmnan mammal host 

8. Themethodofclato . wherein the forei^ ^ ^ 

9. ^-«>»<'ofc..n,l whe,ei«fl.^tiveoe,,sa.dest.yed.i„Sanim™moUp»„me 
.0. ..e metho. of Cahn , „he,ei„ ^ ^„ ^ ^ ^ ^^^^ 

compnsing a toxin or a prodrag. 

"• '''"^"^"'"^•""'-^'^'^ec^.pHsesa.issu^ecific.a^e.i^ 
ligand. 

.2. ^'^^i-^n^o.H.^s.^j,^^^^^ 
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SEQUENCE LISTING 

<110> Ximerex Incorporated 



<130> 000241.00002 

<150> US 60/60/411,790 
<151> 2002-09-19 

<160> 5 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 224 
<212> DNA' 
<213> Pig 

<400> 1 



KcaaSa^c: lll^^^l ™S aatStT^ 

tacaaaaatg agtctaJSa SaatcSca atta^tS? ^^^^'^'^^'^^a gccaatgaaa 
actttcctct gttcgtccta ccttttcttt St^t'cS^c ^0""'"' -ttagtgctg 



<210> 2 

<211> 2241 

<212> DNA 

<213> Homo sapiens 

<400> 2 



60 
120 
180 
224 



. SgStagS ™S SStScf T.T'''''' ^^^^^^^^^^^ '^^'^^^^^^ 
cgagcaaaat ttJ^^^^a acaaaSa? f^S'^^^'*^ ggaggtcgct gagtagtgcg 
ttagggttag gcgt?ttgca cSchf^^^^ gcttgaccga caattgcatg aagaatctgc 
aacttggtta JSaccSct llilJ^^ tgcagggcct gaaataacct ctgaaagagg 
gtgtgSaag ^cc^^^gg^^ S??agSS IZl^lT ^^^^'^'^ gtcagt?agg 
gtcagcaacc aggtotaoaa cagaagtatg caaagcatgc atctcaatta 

gcat?tcaat ^KgSa cStaatccc f ^f^^^^'^^ ggcagaagta tgcaaagcat 
aaacagatcc agacggcaaa cataSo«=^ actgcaggaa ttgaccaggt cttgtggaga 
aacta?gaat t?tg?aatca ottotSao? '^^T'' ^^^^^^t" ttggcaaaaa 
atctacaatt att^S^ SaatSf?? f '^^^ aaaaatgagt ctagttaata 
tttcttttct atcScSS cSacntn^ agtgctgact ttcctctgtt cgtcctacct 
gaccaggctg cgcgt^S cTaa^llln ^^^^^^^^^^^ atcaacacgc gtctgcgttc 
cagcaagaag ccacgg^ao? lllr^tr^ aaccgacgta cggcgttgcg ccctcgccgg 
atagacjgtc cccaSt SSacc 2^^''''^'' ^cacgctact gcgggttta? 
tcgcgcgacg atatjcta S^aS^gag ccaaSo?? ^^'^^^^ ggccctgggt 
tccgagacaa tcgcgaacat c?acaccS c^fo^f f^tggcgggt gctgggggct 
gccggggacg cgjcggtggt aaScaaa^ tgagatatcg 
gtgaccgacg ccgt??tggc tcc?Sta?c aal^^^^^ <=^atgggcat gccttatgcc 
y ccggc ccctcatatc gggggggagg ctgggagctc acatgccccg 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
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cccccggccc tcaccctcat cttcgaccgc catcccatcg ccgccctcct gtgctacccg 1200 

gccgcgcggt accttatggg cagcatgacc ccccaggccg tgctggcgtt cgtggccctc 1260 

atcccgccga ccttgcccgg caccaacatc gtgcttgggg cccttccgga ggacagacac 1320 

atcgaccgcc tggccaaacg ccagcgcccc ggcgagcggc tggacctggc tatgctggct 1380 

gcgattcgcc gcgtttacgg gctacttgcc aatacggtgc ggtatctgca gtgcggcggg 1440 

tcgtggcggg aggactgggg acagctttcg gggacggccg tgccgcccca gggtgccgag 1500 

ccccagagca acgcgggccc acgaccccat atcggggaca cgttatttac cctgtttcgg 1560 

gcccccgagt tgctggcccc caacggcgac ctgtataacg tgtttgcctg ggccttggac 1620 

gtcttggcca aacgcctccg ttccatgcac gtctttatcc tggattacga ccaatcgccc 1680 

gccggctgcc gggacgccct gctgcaactt acctccggga tggtccagac ccacgtcacc 1740 

acccccggct ccataccgac gatatgcgac ctggcgcgca cgtttgcccg ggagatgggg 1800 

gaggctaact gagaattcgc tagctctcta gtcgagaatt cgctagctcg acatgataag 1860 

atacattgat gagtttggac aaaccacaac tagaatgcag tgaaaaaaat gctttatttg 1920 

tgaaatttgt gatgctattg ctttatttgt gaaatttgtg atgctattgc tttatttgta 1980 

accattataa gctgcaataa acaagttaac aacaacaatt gcattcattt tatgtttcag 2040 

gttcaggggg aggtgtggga ggttttttaa agcaagtaaa acctctaaga acacaggtaa 2100 

gtgccgtgtg tggttcccgc gggcctggcc tctttacggg ttatggccct tgcgtgcctt 2160 

gaattacttc cacctggctg cagtacgtga ttcttgatcc cgagcttcgg gttggaaigtg 2220 

ggtgggagag ttcgaggcct t 2241 

<210> 3 
<211> 1506 
<212> DNA 
<213> fungus 

<400> 3 

gacggatcgg gagatctccc gatcccctat ggtcgactct cagtacaatc tgctctgatg 60 

ccgcatagtt aagccagtat ctgctccctg cttgtgtgtt ggaggtcgct gagtagtgcg 120 

cgagcaaaat ttaagctaca acaaggcaag gcttgaccga caattgcatg aagaatctgc 180 

ttagggttag gcgttttgcg ctgcttcgcc tgcagggcct gaaataacct ctgaaagagg 240 

aacttggtta ggtaccttct gaggctgaaa gaaccagctg tggaatgtgt gtcagttagg 300 

gtgtggaaag tccccaggct ccccagcagg cagaagtatg caaagcatgc atctcaatta 360 

gtcagcaacc aggtgtggaa agtccccagg ctccccagca ggcagaagta tgcaaagcat 420 

gcatctcaat tagtcagcaa ccatagtccc actgcagttt gaggagaata tttgttatat 480 

ttgcaaaata aaataagttt gcaagttttt tttttctgcc ccaaagagct ctgtgtcctt 540 

gaacataaaa tacaaataac cgctatgctg ttaattattg gcaaatgtcc cattttcaac 600 

ctaaggaaat accataaagt aacagatata ccaacaaaag gttactagtt aacaggcatt 660 

gcctgaaaag agtataaaag aatttcagca tgattttcca tattgtgctt ccaccactgc 720 

caataacacc atggtgacag ggggaatggc aagcaagtgg gatcagaagg gtatggacat 780 

tgcctatgag gaggcggcct taggttacaa agagggtggt gttcctattg gcggatgtct 840 

tatcaataac aaagacggaa gtgttctcgg tcgtggtcac aacatgagat ttcaaaaggg 900 

atccgccaca ctacatggtg agatctccac tttggauiaac tgtgggagat tagagggcaa 960 

agtgtacaaa gataccactt tgtatacgac gctgtctcca tgcgacatgt gtacaggtgc 1020 

catcatcatg tatggtattc cacgctgtgt tgtcggtgag aacgttaatt tcaaaagtaa 1080 

gggcgagaaa tatttacaaa ctagaggtca cgaggttgtt gttgttgacg atgagaggtg 1140 

taaaaagatc atgaaacaat ttatcgatga aagacctcag gattggtttg aagatattgg 1200 

tgagtaggct agctctctag tcgagaattc gctagctcga catgataaga tacattgatg 1260 

agtttggaca aaccacaact agaatgcagt gaaaaaaatg ctttatttgt gaaatttgtg 1320 

atgctattgc tttatttgtg aaatttgtga tgctattgct ttatttgtaa ccattataag 1380 

ctgcaataaa caagttaaca acaacaattg cattcatttt atgtttcagg ttcaggggga 1440 

ggtgtgggag gttttttaaa gcaagtaaaa cctctacaaa tgtggtagat ccatttaaat 1500 

gttaat 1506 

<210> 4 
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<211> 2294 
<:212> DNA 

<213> Cytomegalovirus 



<400> 4 



<210> 5 
<211> 1782 
<212> DNA 

<213> Cytomegalovirus 

<400> 5 



60 
120 
180 
240 



780 
840 
900 
960 
1020 



SSS l^lTXl i^ttizi T^Ztlll ^^^"r " 
t?= :~ ~- ---- 

gattattgac ?agttat?2 SgtaatS thf^^^T '^^^'^^'^^^^ cgttgacatt 240 
tggagttccg cg?tacataa S?acaataa aSS^^^ attagttcat agcccatata 300 
cccgcccatt gLgtcaaS atSSg ScStfgt aSf -caacgacc 360 

attgacgtca atgggtggac tatttacao? ™^ ^ aacgccaata gggaotttcc 420 
atcatatgcc aagtacgSc SS^toaS t^^^'^'"''''^ ftggcagta catcaagtgt 480 
atgcccagta ca?gac?tta tg^ac?t?? ctSt?aaS '^r'?^'"^ ^cctggcatt 540 
tcgctattac catggtgatg c^tttaln t^t Stacatctac gtattagtca 600 

actcacgggg att^ccaag? c?SacccS SScctS^ ^gggcgtgga tagcggtttg 660 
aaaatcaacg ggactttcca aa^tgtcgta acSSnc^^ tgggagtttg ttttggcacc 720 
gtaggcgtgt acggtgggag S^StS gc^gcSt SSctSS ""^'^^^^^^ 
ctgcttactg gcttatcgaa attaatacga ct2c?ata« agagaaccca 
gtttaaactt aagcttggta ccaaoctcaa f ? ggagacccaa gctggctagc 

agataatggc ctcgtaScc g^atcS? Jcac^ctS ^^^'^^^^^'^ ggaattctgc 
ctcgcggcca tagcaaccga cg^acaa^t tlr^^tl^ gttcgaccag gctgcgcgtt 
aagtccgccc ggfgcagala :SSc1c tSg^ggS IZl^lTa ^T'^-^^^ 
ggatggggaa aaccaccacc acgcaactac taaf«^??S^ ttatatagac ggtccccacg 1140 
tctacgtacc cgagccgatg aStactaac SSf ^ ^^^*^^9°5C gacgatatcg 1200 
acatctacac cacacaacac ^cctcgScc agSSa? 2f acaatcgcga 1260 
tggtaatgac aagcgcccag a?aacaatgg gcSgcSta ?JcSS ^^"^^^^^^^ "20 
tggctcctca tatcgggggg gaggctooaa altlln^ll ''^''^^tgacc gacgccgttc 
tcatcttcga ccgcSlJc? atcgccgccc ?cctgtac?a ^^^^^^^""^ Srccctcaccc 
tgggcagcat gaccccccag accatacS^ o^S^ ? ^^^^^ccgcg cggtacctta 
ccggcaccaa catcgtgct? SS^cccSc *^=^^Srgc cctcatcccg ccgaccttgc 
aacgccagcg ccccScgag SgcSacc fco^?^^^? acacatcgac cgcctggcca 
acgggctact tgccStSg SgcgStc tS2^?? ^Sfctgcgatt cgccgcgttt 1680 
ggggacagct ttcggggacg Sgccac llclclnt^^ cgggtcgtgg cgggaggact 1740 
gcccacgacc cca?Scggg gaScgttS tSc?S^ ^^^^^^^^^^ agcaacgcgg I8OO 
cccccaacgg cgacctg?at aaStta cctaSS^ '^^^^^ccccc gagttgctgg 
tccgttccat gcacgtcttt Zlctfallf t^^^ ggacgtcttg gccaaacgcc 
ccctgctgca acttacc^cc ggSgScc l^Tc^t ^<=<=cgccggc tgccgggacg 
cgacgatatg cgacctggcg coScSj° ^''^''^^ cacoaccccc ggctccatac 
agtcgccgtg afcgS??t? S^gcS"? gtScSf ^^^^^^^^"^ aactgagagt .... 
gtgtggttcc cgcgggcctg gcrtcStac agaacacagg taagtgccgt 2160 

ttccacctgg ctgcagtacg ?Stcttga ^SSaJS ^^"^^^'^^^ cttgaattac 2220 
gagttcgagg cctt ^^S^ttcttga tcccgagctt cgggttggaa gtgggtggga 2280 



1380 
1440 
1500 
1560 
1620 



1860 
1920 
1980 
2040 
2100 



ss^s ssj^ss srr'= « 

c.™t .taaactaca acL^c^^ I'Xl^ S^?=?S 5^2 
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ttagggttag gcgttttgcg ctgcttcgcg atgtacgggc cagatatacg cgttgacatt 240 

gattattgac tagttattaa tagtaatcaa ttacggggtc attagttcat agcccatata 300 

tggagttccg cgttacataa cttacggtaa atggcccgcc tggctgaccg cccaacgacc 360 

cccgcccatt gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttcc 420 

attgacgtca atgggtggac tatttacggt aaactgccca cttggcagta catcaagtgt 480 

atcatatgcc aagtacgccc cctattgacg tcaatgacgg taaatggccc gcctggcatt 540 

atgcccagta catgacctta tgggactttc ctacttggca gtacatctac gtattagtca 600 

tcgctattac catggtgatg cggttttggc agtacatcaa tgggcgtgga tagcggtttg 660 

actcacgggg atttccaagt ctccacccca ttgacgtcaa tgggagtttg ttttggcacc 720 

aaaatcaacg ggactttcca aaatgtcgta acaactccgc cccattgacg caaatgggcg 780 

gtaggcgtgt acggtgggag gtctatataa gcagagctct ctggctaact agagaaccca 840 

ctgcttactg gcttatcgaa attaatacga ctcactatag ggagacccaa gctggctagc 900 

gtttaaactt aagcttggta ccgagctcgg atccactagt ccagtgtggt ggaattctgc 960 

agatcctgca gatggtgaca gggggaatgg caagcaagtg ggatcagaag ggtatggaca 1020 

ttgcctatga ggaggcggcc ttaggttaca aagagggtgg tgttcctatt ggcggatgtc 1080 

ttatcaataa caaagacgga agtgttctcg gtcgtggtca caacatgaga tttcaaaagg 1140 

gatccgccac actacatggt gagatctcca ctttggaaaa ctgtgggaga ttagagggca 1200 

aagtgtacaa agataccact ttgtatacga cgctgtctcc atgcgacatg tgtacaggtg 1260 

ccatcatcat gtatggtatt ccacgctgtg ttgtcggtga gaacgttaat ttcaaaagta 1320 

agggcgagaa atatttacaa actagaggtc acgaggttgt tgttgttgac gatgagaggt 1380 

gtaaaaagat catgaaacaa tttatcgatg aaagacctca ggattggttt gaagatattg 1440 

gtgagtaggc tagctctcta gtcgagtcca gcacagtggc ggccgctcga gtctagaggg 1500 

cccgtttaaa cccgctgatc agcctcgact gtgccttcta gttgccagcc atctgttgtt 1560 

tgcccctccc ccgtgccttc cttgaccctg gaaggtgcca ctcccactgt cctttcctaa 1620 

taaaatgagg aaattgcatc gcattgtctg agtaggtgtc attcttattg aagcatttat 1680 

cagggttatt gtctcatgag cggatacata tttgaatgta tttagaaaaa taaacaaata 1740 

ggggttccgc gcacatttcc ccgaaaagtg ccacctgacg tc 1782 
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